In a multicentre series of patients with low-ejection fraction/low-gradient aortic stenosis (LEF/LGAS), we evaluated the prognostic impact of valvuloarterial impedance (Zva).
Background
Zva in AS, a measure of global afterload taking into account systemic arterial compliance, has been proposed for risk stratification in paradoxical LGAS. We hypothesized that Zva could help risk stratification in LEF/LGAS.
Methods and results
We retrospectively calculated Zva (5.6 + 1.7 mmHg/mL/m 2 ) of 184 consecutive patients (mean age: 71 + 10 years) with severe symptomatic LEF/LGAS (valve area ≤1 cm 2 , EF ≤40%, mean transaortic pressure gradient ≤40 mmHg)
included between 1995 and 2005 in a multicentre registry. Zva was higher in patients with LVEF at rest ≤20% (6.6 + 2.3 vs. 5.5 + 1.6; P ¼ 0.05) and correlated negatively with LVEF at rest (R ¼ 20.25; P ¼ 0.001). Zva was lower in patients without contractile reserve (CR) on dobutamine stress echocardiography (DSE) compared with patients with true severe AS (5.3 + 1.3 vs. 5.8 + 1.8 mmHg/mL/m 2 ; P ¼ 0.048). Zva and the variation in stroke volume during DSE were positively correlated (P ¼ 0.0001) but Zva did not allow distinction between true and pseudo-severe AS (5.8 + 1.8 vs. 5.3 + 1.8 mmHg/mL/m 2 ; P ¼ 0.30). In the total population, Zva was not predictive
Introduction
Management of patients with low-ejection fraction/low-gradient aortic stenosis (LEF/LGAS) remains challenging in clinical practice, although risk stratification has improved in the last decade with the use of dobutamine stress echocardiography (DSE). LGAS that would be more accurate and incremental to CR for clinical decision-making in this challenging subset of patients. 5, 6 It has been shown that AS should not be viewed as an isolated valve disease but as part of an atherosclerotic process involving both the aortic valve and the large arteries. 7 -9 Thus, impaired LV function in AS is the consequence of excessive afterload due to a stenotic aortic valve and also due to an increased arterial afterload in hypertensive AS patients. Briand et al. 8 have recently proposed valvuloarterial impedance (Zva) as a measure of global afterload in AS that takes into account, beside the severity of AS, systemic arterial compliance. This new index showed diagnostic and prognostic values in severe paradoxical low flow/LGAS with preserved LVEF and in severe asymptomatic AS. 8, 9 Therefore, in order to verify the hypothesis that Zva could improve risk stratification in LEF/LGAS, the prognostic value of Zva was evaluated in a large consecutive series of patients.
Methods
Patients and baseline measurements Valvuloarterial impedance in low-ejection fraction, low-gradient aortic stenosis pressure, MPG is the mean transaortic pressure gradient and SVI is the stroke volume index. 6, 8 Clinical data at follow-up were obtained in all patients at a mean interval of 31 + 22 months. was no significant correlation between LVEF variation before and after aortic valve replacement and preoperative Zva at rest in the 128 who underwent aortic valve surgery (R ¼ 0.06; P ¼ 0.60).
Statistical analysis

Relationship between valvuloarterial impedance and dobutamine stress echocardiography results
According to the results of DSE, LV CR was present in 123 patients (67%) and absent in 61 (33%). Zva was higher in patients with CR compared with patients without CR (5.8 + 1.8 vs. 5.3 + 1.3; P ¼ 0.07). We divided our patients in two groups according to the classical value of Zva of 5.5 Hg/mL/m 2 .
14 CR was more frequent in patients with Zva ≥5.5 mmHg/mL/m2 than in patients with Zva ,5.5 mmHg/mL/m 2 ) ( Table 2) . By univariate analysis, LV CR was related to the absence of multivessel CAD (P ¼ 0.01) and Zva at rest ≥5.5 mmHg/mL/m 2 (P ¼ 0.05). Rest Zva and the variation of stroke volume during dobutamine infusion were significantly correlated (R ¼ 0.36; P ¼ 0.0001; Figure 1 ). were the only independent predictors of perioperative mortality. ROC curves failed to identify a clinically relevant cut-off value of Zva to predict perioperative mortality (area under the curve: 0.52; P ¼ 0.73). Although no significant cut-off value was identified using ROC curves, we tested different thresholds of Zva (i.e. 4, 4.5, 5.5, and 6 mmHg/mL/m 2 ) by univariate and multivariate analyses ( Table 3) . None of these Zva thresholds identified as a significant predictor of perioperative mortality (all P . 0.10). Table 3 Results of univariate and multivariate analyses for perioperative death and 5 year mortality, using several threshold of valvuloarterial impedance among the 128 operated patients. Valvuloarterial impedance in low-ejection fraction, low-gradient aortic stenosis After surgery, Preoperative Zva was not predictive of 5-year mortality by univariate analysis (P ¼ 0.84) and multivariate analysis (HR 1.03 (0.81-1,30); P ¼ 0.82). Accordingly, ROC curves failed to identify a clinically relevant cut-off value of Zva to predict 5-year overall mortality (area under the curve: 0.51; P ¼ 0.81). When we tested different thresholds (i.e. 4, 4.5, 5.5, and 6 mmHg/mL/m 2 ) of Zva by univariate and multivariate analyses, none of these Zva thresholds was identified as a significant predictor of 5-year overall mortality (all P . 0.10, Table 3 ).
Discussion
To the best of our knowledge, the current report is the first to evaluate the prognostic value of valvuloarterial impedance in LEF/LGAS. According to our findings, LEF/LGAS patients with very low LVEF (i.e. EF ,20%) have a high impedance reflecting a particularly elevated afterload. Nevertheless, Zva is not predictive of LVEF improvement after aortic valve replacement. Though LV CR was more frequent in patients with high Zva at rest, Zva does not allow differentiating between true severe LEF/LGAS and pseudo-severe AS and has no additional prognostic value to LV CR for predicting perioperative and long-term outcome.
Impact of valvuloarterial impedance on baseline and postoperative left ventricular systolic function
In severe AS, impaired LVEF may be the consequence of inadequate compensatory LV hypertrophy secondary to excessive valvular afterload. Recently, Briand et al. 8 have shown that reduced arterial compliance is frequent in elderly patients with AS and has a major impact on the LV diastolic and systolic function. The reduced arterial compliance in combination with high valvular afterload has additive effects in increasing global afterload and parietal stress leading to LVEF impairement. 15 Nevertheless, in LEF/LGAS the impairment in systolic function may have multiple causes including coronary disease and associated myocardial fibrosis. In the present study, we sought to assess the role of reduced arterial compliance in patients with LEF/LGAS. Zva was recently proposed in paradoxical low flow/LGAS with preserved LVEF as a measure of global afterload taking into account systemic arterial compliance. In the SEAS study, 9 Zva was the most powerful determinant of intrinsic myocardial dysfunction in asymptomatic AS patients with preserved LVEF. In the present series of patients with LEF/LGAS, we found a negative correlation between Zva and LVEF at rest. In addition, patients with very low LVEF (≤20%) had particularly high levels of global afterload as measured by Zva. In such patients, the deleterious combination of low arterial compliance and excessive valvular afterload might explain the dramatically depressed LVEF. Moreover, CR on DSE was frequently found in patients with increased Zva. In such patients, the expected inotropic effect of low-dose dobutamine but also the decrease in systolic blood pressure induced by the vasodilatation might explain the frequent rise in stroke volume on DSE. However, Zva, like LV CR in a previous study, was not related to LVEF improvement after aortic valve replacement, contrary to the absence of severe CAD 3 .
Role of valvuloarterial impedance for differentiating true severe from pseudo-severe aortic stenosis
In the setting of LEF/LGAS, the assessment of the true severity of AS is a challenging issue. Indeed, low LVEF in LEF/LGAS may be caused by afterload mismatch due to 'true severe' AS, but also to primary cardiomyopathy associated with non-severe ('pseudosevere') AS 13 . De Filippi et al. 2 showed that DSE could help differentiating between the two entities. 2 Indeed, in case of LV CR, the improvement in stroke volume under dobutamine allows a more accurate assessment of the aortic valve area. 16 Accordingly, in case of pseudo-severe AS, the effective orifice area of a moderately calcified aortic valve is significantly increased under the effect of an enhanced aortic ejection. 17 Theoretically, the LV afterload secondary to the valvular stenosis may be less important in pseudo-severe AS than in true severe AS. Accordingly, in the present series, the global afterload, measured by Zva at rest, was lower in the pseudo-severe AS group than in true severe AS however the difference did not reach statistical significance.
In the present series, we found that Zva had no additional prognostic value for the management of LEF/LGAS patients. It was not associated with outcome in medically managed patients. In patients who underwent aortic valve replacement, Zva failed to predict operative mortality and was not associated with long-term outcome. A possible explanation for these results might be related to the fact that the reduction in arterial compliance is a factor that causes LV systolic function impairment early in the course of the disease. Indeed, patients with very low gradients and low LVEF are probably those with a long-lasting disease and/or with associated chronic CAD. The influence of Zva may be thus superseded by the effects of the associated coronary disease or myocardial fibrosis related in this case. Therefore, our results confirms that operative risk stratification in LEF/LGAS may rely on currently accepted parameters: presence of LV CR, CAD, baseline MPG and EuroSCORE. 18 
Study limitations
This study was retrospective, but has prospectively included consecutive patients operated for LEF/LGAS in several European centres.
Conclusions
The current study was aimed to assess the potential prognostic role of Zva in the setting of LEF/LGAS. We found that Zva is related to low LVEF and to the presence of LV CR on DSE. However, Zva did not allow to distinguish between true severe and pseudo-severe AS and also failed to predict perioperative and long-term mortality after aortic valve replacement in patients with LEF/LGAS.
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